











Evaluación de Sistemas Solares Prefabricados 
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
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    
              

 
































                

 
             
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              

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            
              





              












































        
        
        
        
        
        
        
        
        
        
        
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-                

- 

















































-              
     

- 











































-                
                

-                 

-                














-                


-              
               

-            

              

- 
                



































               
               
             

          
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
















































































            

           




































































































    
    
















































      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      









-             






               







                






























                










































































            
            
            
            
            
            
            
            
            
            
            
            




         
            
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          
          
          
          
          
          
          
          
          
          
          
          
          














                

- 





































































































    
    
























































































































































               
              

       
         













































































































































































































































































           
           
           
           
 
























































































            
            
            
            
            
            
            
            
            
            























































          
          
          
          
          
          
          
          
          
          
















































               

• 




















































                

- 






















































































































              

- 




























     
           




















































































































































            







                 









-            
      


































































































































-              








               
   

 
          
            

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      
      
      
      






























   

















   









CSTGaDST QaQ ⋅±= )( σ  






          























                  

 
        













































   
   
   
   



























































































































































              

                 










                


                 
             

 


















































































-      
            

-             
               



































































































































































              

-      










                
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
            































             

• 








               

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•        








             

• 
             
























                
            
  





















•                
             




























    


             






























































































    
    
    
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 




























































































































   
    
    
    
    
    
    
    
    
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       




































































































































































              
 
      

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 
















































































































       







         






-      





              








































































































































             












-              

               






-         

 
          
          


                 


















































             
             
             
             
             
             
             
             
             
             
             
             
             
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























              




















               





                
      
 
     




















































                

 
                 

























       

   

 








































   
    
    
    
    
    
    
    
























































                    































              




            

-            

-               
               


-               





















































                  
              


                

               




-            
            

-   






            


















-   

- 










        























   
   
   

































































       


















-                





      
 

      







                

 
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              

 





















   















    
                

            







                        
    





           
                
 
                             




































































    














































               

                 
               
                 

                       
                         

         
            
             
                           
                         
  

                  
































































































































     
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
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   
   




























   
   
   
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
-                 


-                
           






            
            

 
                
              

               









             






     
   

              






            
            

-    
           

- 






















        

































-        
              


-               

-   
               
              
   
            







                





















           

            


































            

        















             

             













             

             
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Abstract 
The International Standard ISO 9459-5 describes the characterization of thermal performance for domestic 
water heating systems. The objective of this paper is to analyze the influence of measurement accuracy of 
some input parameters (inlet water temperature, outlet water temperature and solar radiation) during the test 
sequences on resulting solar fraction of a domestic water heating system, type thermosiphon, on the different 
European reference locations (Athens, Davos, Würzburg and Stockholm). A study of the measurement 
accuracy according to Standard ISO 9459-5 and other values has been carried out. The long-term prediction 
(solar fraction) for each of the input measurements was determined, and according to these results, a less 
restrictive measurement accuracy could be propose for a future revision of Standard ISO 9459-5. 
Keywords: solar system, dynamic testing, certification 
1. Introduction  
According to the Spanish Technical Building Code (CTE) and Ministerial Order ITC/71/2007, all solar 
thermal systems on the Spanish market must be homologated by the Ministry of Industry to be eligible for 
government subsidies. For this reason, they must pass the EN 12976 [1] [2] European Standard tests. This 
Standard stipulates durability, safety and efficiency tests and user and installer documents checking. 
The CENER (National Renewable Energy Centre) and GTER (Group of Thermodynamic and Renewable 
Energies) Accredited Solar System Testing Laboratory in Seville has been performed all the tests for factory-
made solar thermal systems according to the European Standard since 2008. Before that, solar systems had 
been tested in this laboratory for 25 years. The European Standard efficiency test refers to two ISO 
Standards, ISO 9459-2 (CSTG method) [3] and ISO 9495-5 (DST method) [4]. The CSTG method 
“Complete System Testing Group” makes use of an input-output method, while the DST method, called the 
“Dynamic System Test”, makes use of dynamic software for parameter identification of the system 
characterization. 
These International Standards provide information about measurement accuracies for each experimental 
measure (ambient temperature, inlet water temperature, outlet water temperature, flow-meter and solar 
radiation). The objective of this paper is to analyze the influence of measurement accuracy of some input 
parameters (inlet water temperature, outlet water temperature and solar radiation) on solar fraction in four 
different locations (Athens, Davos, Würzburg and Stockholm) for a factory made solar heating system, type 
thermosiphon, testing according to Standard ISO 9459-5. 
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2. Description of testing method (ISO 9459-5) 
 
The efficiency test of the DST method (also called dynamic method) consists in several test sequences with 
different system behaviors: S-Sol for characterizing the collector array performance at high efficiencies and 
acquire information about store heat losses and collector array performance at low efficiencies, S-Store for 
characterizing store heat losses and S-Aux for determining the heat losses and the volume fraction of the 
auxiliary heated portion of the storage tank. All the significant parameters (solar radiation, inlet and outlet 
water temperature, ambient temperature and flow-meter) are recorded. The mathematical model of the 
system energy output is based on a partial differential equation.  
2.1. S-Sol Sequence 
The aims of these sequences are to characterize the collector array performance at high efficiencies and 
acquire information about store heat losses and collector array performance at low efficiencies. The tests 
consists in conditioning the system and then letting the solar system operates normally for several days and 
finally the system is conditioned again to make uniform the tank temperature. Those sequence types are the 
called Test A and Test B. During those sequences, a series of 5 (Test A) or 7 (Test B) draw-offs are executed 
with different durations according to the system characteristics and at different times of the day. The Test A 
is supposed to let the system work at high efficiencies with enough closed draw-offs to not let the collectors 
heat too much. The Test B is supposed to let the system work at low efficiency leaving the tank as warm as 
possible. 
Within those sequences, there should be a minimum of valid days with enough daily solar radiation and 
outlet temperature higher than a minimum for Test B. 
2.2. S-Store Sequence 
This sequence aims to characterize the store heat losses parameter of the system. It consists of a Test B 
sequence for at least 2 days and a cooling period of between 36 and 48 h. 
2.3. S-Aux Sequence 
This sequence aims to characterize the volume fraction of the auxiliary heated portion of the store. But it is 
not used in the tests of solar-only system. 
2.4. Identification of system parameters and prediction of long-term performance 
The identification of the characteristics parameters of the system is done using all the measured data 
recorded during the whole testing sequences. It is made by the validated commercial software InSitu (version 
2.7) referred in the Standard ISO 9459-5. Figure 1 shows the flow chart of InSitu program 
 
 
Fig. 1: Flow chart, InSitu program 
Experimental Measurements 
Ta, G, TCW, TS, S 
 
Coefficients of characteristic equation 
AC*, uC*, US, CS, DL, SC 
 
 Typical meteorological year 
 User requirements (load) 
 
Long-term prediction 
Qd, QL, Qaux, fSOL 

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The results consist in the coefficients Ac* (effective collector area), uc* (effective collector loss coefficient), 
Us (total store heat loss coefficient), Cs (total store heat capacity), DL (mixing constant), Sc (store 
stratification). Each of those parameters is a coefficient of the terms in the physical model used for the 
thermosiphon. 
The same software is used to calculate the yearly performance of the system for different reference locations 
and load demand using hourly meteorological data [H, Ta]. 
The solar fraction (fSOL) is defined as the energy supplied by the solar part (QL) divided by the total system 
load (QD = heat demand). 
3. Description of influence of the input parameters measurement accuracy 
This section analyzes the influence of measurement accuracy of some the input parameters (inlet water 
temperature, outlet water temperature and solar radiation) on solar fraction in four different locations 
(Athens, Davos, Würzburg and Stockholm) for a factory made thermosiphon solar system. Table 1 shows the 
measurement accuracies according to Standard ISO 9459-5, as well as the accuracies proposed for this 
analysis. A prediction of long-term performance for each of the measurement accuracies has been carried 
out. 
Tab. 1: Measurement accuracies  
Parameter 
Measurement accuracy 
according to Standard ISO 
9459-5 
Measurement accuracy 
analysed in this study 
Inlet temperature ± 0.1 ºC ± 0.2 ºC, ± 0.5 ºC 
Outlet temperature ± 0.1 ºC ± 0.2 ºC, ± 0.5 ºC 
Solar radiation ± 1.0 % ± 1.5 %, ± 3.0 % 
4. Influence of the input parameters measurement accuracies 
4.1 Testing sample 
 
A thermosiphon system with a storage tank of a volume of 300 l. and 2 flat-plate collectors with an aperture 
area of 4.46 m2 is selected for analyzing the influence of input parameters measurement accuracies.  
The results of these system parameters obtained according to Standard ISO 9459-5 are shown in Table 2 
Tab. 2: System parameters 
Parameter Value Unit 
AC* 2.619 m2 
uC* 8.191  Wm-1 K-1 
US 2.504  W K-1 
CS 1.114 MJ K-1 
DL 0.125 -- 
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The results of the long-term performance are presented in the following graphs 
 
Fig. 2: fSOL results   
4.2 Comparative analysis 
 
This section describes the variation on the solar fraction as a function of the load volume for every reference 
locations in order to modify the measurement accuracy of each parameter proposed in Table 1. Similarly, the 
average relative error of the solar fraction in every input parameter will be represented.  
 
a. Inlet temperature 
 
As shown in Figure 3, the maximum difference of the solar fraction obtained between the results to testing 
sample and the results in all intlet temperature measurement accuracies (table 1) is lower than 0.9 % in 
different reference locations. The maximum difference in variation on solar fraction is lower than 0.7 % to 
measurement accuracies according to Standard ISO 9459-5 (± 0.1 ºC) and 0.9 % to other measurement 
accuracies proposed (± 0.2 ºC, ± 0.5 ºC). 
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   (c)      (d) 
Fig. 3: Variation on fSOL to modify inlet temperature measurement accuracy in Stockholm (a) Würzburg (b) Davos (c) and 
Athens (d) 
 
Figure 4 shows the average relative error of solar fraction with respect to inlet temperature accuracy in all 
reference locations. The maximum average relative error on solar fraction is lower than 0.6 % for all 
measurement accuracies studied (table 1). The minimun values of average relative error on solar fraction 
occurs on Athens location. 
 
  
   (a)      (b) 
   
   (c)      (d) 
Fig. 4: Average relative error on solar fraction to modify inlet temperature measurement accuracy in Stockholm (a) Würzburg 
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b. Outlet temperature 
 
As shown in Figure 5, the maximum difference of the solar fraction obtained between the results to testing 
sample and the results in all outlet temperature measurement accuracies (table 1) is lower than 1% in 
different reference locations. The maximum difference in variation on solar fraction is lower than 0.4% to 
measurement accuracies according to Standard ISO 9459-5 (± 0.1 ºC) and 1% to other measurement 
accuracies proposed (± 0.2 ºC, ± 0.5 ºC). 
   
   (a)      (b) 
   
   (c)      (d) 
Fig. 5: Variation on fSOL to modify outlet temperature measurement accuracy in Stockholm (a) Würzburg (b) Davos (c) and 
Athens (d) 
 
Figure 6 shows the average relative error of solar fraction with respect of outlet temperature accuracy in all 
reference locations. The maximum average relative error on solar fraction is lower than 0.4% for the 
measurement accuracies according to Standard ISO 9459-5 (± 0.1 ºC) and 0.7% for other measurement 
accuracies analized (± 0.2 ºC, ± 0.5 ºC). The minimun values of average relative error on solar fraction 
occurs on Athens location. 
 
 
Jonathan Vera / EuroSun 2016 / ISES Conference Proceedings (2016) 
 
  
   (a)      (b) 
   
   (c)      (d) 
Fig. 6: Average relative error on solar fraction to modify outlet temperature measurement accuracy in Stockholm (a) 
Würzburg (b) Davos (c) and Athens (d)  
 
c. Solar radiation 
 
As shown in Figure 7, the maximum difference of the solar fraction obtained between the results to testing 
sample and the results in all solar radiation measurement accuracies (table 1) is lower than 1.3% in different 
reference locations. The maximum difference in variation on solar fraction is lower than 0.7% to 
measurement accuracies according to Standard ISO 9459-5 (± 1.0 %) and 1.3% to other measurement 
accuracies proposed (± 1.5 %, ± 3.0 %). 
  
   (a)      (b) 
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   (c)      (d) 
Fig. 7: Variation on fSOL to modify solar radiation measurement accuracy in Stockholm (a) Würzburg (b) Davos (c) and Athens 
(d) 
 
Figure 8 shows the average relative error of solar fraction with respect of solar radiation accuracy in all 
reference locations. The maximum average relative error on solar fraction is lower than 0.5% for the 
measurement accuracies according to Standard ISO 9459-5 (± 1.0 %) and 1.6% for other measurement 
accuracies proposed in this study (± 1.5 %, ± 3.0 %).  
 
  
   (a)      (b) 
   
   (c)      (d) 
Fig. 8: Average relative error on solar fraction to modify solar radiation measurement accuracy in Stockholm (a) Würzburg 
(b) Davos (c) and Athens (d) 
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5. Conclusion 
The influence of measurement accuracies of some input parameters is analyzed (inlet water temperature, 
outlet water temperature and solar radiation) obtaining the following conclusions: 
 
- The maximum differences on solar fraction when using the measurement accuracy according to Standard 
ISO 9459-5 varies between 0.4% (for the outlet temperature) and below than 0.7% (for the inlet 
temperature and solar radiation) considering all load volumes in the reference locations. 
- The maximum differences on solar fraction when using the new measurement accuracies proposed in this 
study varies between 1% approximately (for the inlet temperature and outlet temperature) and 1.6% (for 
the solar radiation) considering all load volumes in the reference locations. 
- The maximum average relative error on solar fraction when using the measurement accuracy according to 
Standard ISO 9459-5 is approximately 0.5% (for the inlet temperature, outlet temperature and solar 
radiation) in the reference locations. 
- The maximum average relative error on solar fraction when using the new measurement accuracies 
proposed in this study varies between approximately 0.6% (for the inlet temperature and outlet 
temperature) and 1.6% (for the solar radiation) in the reference locations.  
- This study shows that it is possible to increase the measurement accuracies range required in Standard 
ISO 9459-5 without losing effectiveness on the results obtained in long-term prediction (solar fraction). 
6. Nomenclature 
Symbol Quantity Unit 
A* effective collector area m2 
CS total store heat capacity MJ/K 
DL mixing constant  -- 
fSOL solar fraction -- 
G solar irradiance W/m2 
H solar radiation MJ/m2 
Ta ambient temperature ºC 
Tcw inlet water temperature ºC 
TS outlet water temperature ºC 
Qaux parasitic energy (electricity) MJ 
Qd head demand MJ 
QL heat delivered by the solar heating system  MJ 
SC  store stratification -- 
uC*  effective collector loss coefficient uC*  W/m K 
US  total store heat loss coefficient W/K  flow-meter l/min 
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Abstract 
The Standard ISO 9459-2 is a standard for the characterization of thermal performance of domestic water 
heating systems without auxiliary heating. In this study, 18 domestic water heating thermosiphon systems 
have been tested according to this international standard. The objective of the paper is to carry out a 
comparative analysis of the results obtained in these systems as a function of their volume and type of heat 
exchanger (tubular and double jacket). A comparative analysis of systems performance will be carried out by 
calculating the performance without thermal loss (a1/A) and solar fraction fSOL in different reference locations 
for different volume/area ratios. Also, a comparative analysis of systems performance and solar fraction will 
be carried out at different locations between a tubular heat exchanger tank and a double jacket heat 
exchanger tank. The different values obtained will be compared for the storage tank’s heat loss coefficient 
(Us). It will determinate the useful energy (energy with temperature above 45ºC) for the degree of mixing in 
the storage tank during a draw-off test. 
Keywords: solar system; testing; certification 
1. Introduction  
According to the Spanish Technical Building Code (CTE) and Ministerial Order ITC/71/2007, all solar 
thermal systems on the Spanish market must be homologated by the Ministry of Industry to be eligible for 
government subsidies, and for this reason they have to pass all the tests from the European Standard EN 
12976-2 European Standard tests. This Standard stipulates durability, safety and efficiency tests, user and 
installer documents checking. 
The CENER (National Renewable Energy Centre) and GTER (Thermodynamic and Renewable Energies 
Group) Accredited Solar System Testing Laboratory in Seville have been performing all the tests for factory-
made solar thermal systems according to the European Standard since 2008. The European Standard 
efficiency test refers to two ISO Standards, ISO 9459-2 (CSTG method) and ISO 9495-5 (DST method). The 
CSTG method, named after the group which originally developed it, “Complete System Testing Group”, 
makes use of an input-output method, while the DST method, called the “Dynamic System Test”, makes use 
of dynamic software for parameter identification of the system characterization. 
The objective of this paper is to carry out a comparative analysis of the parameters and performance (?) of 
different domestic water heating systems (commercial systems) tested according to Standard ISO 9459-2. 
The systems have been classified according to their storage tank and type of heat exchanger (tubular and 
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thermal loss (a1/A) and solar fraction fSOL has been carried out at different reference locations for different 
volume/area ratios. Also, a comparative analysis of systems performance and solar fraction has been carried 
out at different locations between tubular heat exchanger tanks and double jacket heat exchanger tanks. It 
will compare the different values obtained for the storage tank’s heat loss coefficient (Us). It will determinate 
the useful energy (energy with temperature above 45ºC) for the degree of mixing in the storage tank during a 
draw-off test. 
Manufacturers could make use of the results in order to study the potential improvements of their systems 
2. Description of testing method (ISO 9459-2) 
This method (CSTG for “Collector and System Testing Group”, also called Input-output method) is a “black 
box” procedure. It is applicable to solar-only and solar-preheat systems. It consists of three different parts: 
one part for determining daily system performance (part 2.1), another part for determining mixing in the 
storage tank during draw-off (part 2.2), and the last part for the determination of storage tank heat losses 
(part 2.3). 
2.1. Determination of daily system performance 
The daily system performance test consists in conditioning the system at least six hours before solar noon, 
circulating water in the tank until it is sufficiently uniform. Then, the solar system operates normally for 12 
hours. Finally, six hours after solar noon, the tank water is drawn off until outlet and inlet temperatures are 
equalized, while the inlet water temperature is maintained constant. 
The same test procedure is repeated until a set of one-day points is obtained with a sufficient range of daily 
solar radiation H and temperature difference [ta(day) - tmain]. According to the Standard, the set should contain 
at least four different days with approximately the same values of [ta(day) - tmain] and daily solar irradiation 
values H evenly spread over the range between 8 MJ/m2 to 25 MJ/m2, and also contain at least two additional 
days with values of [ta(day) - tmain] at least 9 K above or below the values of [ta(day) - tmain] obtained for the first 
four days. The value of [ta(day) - tmain] shall be in the range - 5 K to + 20 K for each test day. 
The mathematical model for the output energy production of the solar system Q depends on daily solar 
irradiation H and the temperature difference between mean ambient temperature ta(day) and inlet water 
temperature tmain as following: 
? ? 3a(day)21 attaHaQ main ????   (eq. 1) 
The results consist of the coefficients a1, a2 and a3 obtained by a multiple linear regression using the least-
squares fitting method. 
During each testing days, also the draw-off profiles are recorded and normalized for low and for high daily 
solar radiation days f(V).
System performance (?) is defined as output energy production of the solar system (Q) divided by daily solar 
irradiation (H) and aperture area (A). 
AH
Q
???   (eq. 2) 
Performance without thermal loss is defined as (a1/A), as ta(day) and tmain is equal and the value of a3 is close to 
zero.
2.2. Determination of the degree of mixing in the storage vessel during draw-off 
The test consists in conditioning the system, circulating water at a temperature above 60 ºC in the tank at a 
rate of at least five times the tank volume per hour until it is sufficiently uniform, while the collector is 
shaded from the sun The water in the store is assumed to be uniform as the outlet temperature and the inlet 
temperature vary by less than 1 K for a period of 15 min. 
Afterwards, the storage tank is drawn off at a constant flow rate of 600 l/h, while the inlet water introduced 
in the storage tank is maintained at a constant temperature of less than 30 ºC. The draw off volume should be 
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at least three times the tank volume and until that the temperature difference between inlet and outlet water 
temperature is less than 1 K. 
The procedure aims to determine the mixing draw-off profile g(V).
This test can provide information about the useful energy (Quseful). Useful energy is defined as energy with 
temperature above 45ºC. 
2.3. Determination of storage tank heat losses 
The test consists in conditioning the system, by circulating water at a temperature above 60 ºC in the same 
way as the mixing draw-off test. Afterwards, the tank is left for cooling for a time period between 12 h and 
24 h at night or without any incident solar radiation. During the cooling period, the air circulates freely over 
the collector’s plane with a mean wind speed between 3 m/s and 5 m/s. After this cooling period, the water is 
again circulated in the same way in order to measure the drop of temperature suffered by the tank over the 
night. The test is carried out with the collector loop disconnected, eliminating the possibility of reverse flow 
during the night.  
The procedure aims to determine the heat loss coefficient Us of the storage tank. 
2. 4. Prediction of long-term performance 
With the total energy output characteristics of the system (a1, a2 and a3), the normalized draw-off 
temperature profile (f(V)), the normalized mixing draw-off temperature profile (g(V)), the storage tank heat 
loss coefficient (Us), the daily meteorological data [daily solar irradiation H, daily mean ambient temperature 
ta(day), night mean temperature tn] of the reference locations and the system characteristics (Vc), the 
performance of the system is calculated day-by-day for different reference locations and load demand. 
The solar fraction (fSOL) is defined as the energy supplied by the solar part (QL) divided by the total system 





 (eq. 3) 
3. Description of comparative analysis 
In this section, a comparative analysis of some parameters [Performance without thermal loss (a1/A), solar 
fraction fSOL, tank heat loss coefficient (Us) and useful energy for the degree of mixing test (Quseful)] obtained 
for different domestic water heating systems tested according to Standard ISO 9459-2 was done. 
3.1. Testing samples 
The following table describes the diferent analized systems. 



















1 2.06 200 50 97.09 Tubular 0.45 3.66 
2 4.12 320 50 77.67 Tubular 0.91 6.09 
3 4 282 50 70.5 Tubular 0.90 4.25 
4 2 187 50 93.5 Tubular 0.40 3.90 
5 2.16 200 50 92.59 Double jacket  1.41 4.21 
6 4.32 287 50 66.44 Double jacket 2.19 4.72 
7 2.3 192 40 83.48 Double jacket 1.16 3.34 
8 3.6 280 40 77.78 Double jacket 1.57 3.90 
9 2 192 40 96 Double jacket 1.16 3.43 
10 1.8 145 40 80.56 Double jacket 0.98 3.49 
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11 3.84 300 50 78.13 Double jacket 1.67 5.07 
12 1.92 200 50 104.17 Double jacket 0.90 4.17 
13 1.92 150 50 78.13 Double jacket 0.80 3.23 
14 3.81 300 50 78.74 Double jacket 1.8 4.59 
15 3.76 300 60 79.79 Double jacket 2.10 5.55 
16 2.2 155 40-60 70.45 Double jacket 0.65 3.87 
17 2.2 195 40-60 88.64 Double jacket 0.70 4.93 
18 4.36 295 40-60 67.66 Double jacket 1.11 5.02 
Table 1 shows like manufactures choose to sell systems with double jacket tanks. 
3.2. Comparative analysis of performance without thermal loss (a1/A) and solar fraction fSOL.
In this section, a comparative analysis of systems performance is shown by calculating the performance 
without thermal loss (a1/A) and solar fraction fSOL in different reference locations (Stockholm, Würzburg, 
Davos and Athens) for different volume/area ratios. A comparative analysis of systems performance and 
solar fraction to different locations between tubular heat exchanger tanks and double jacket heat exchanger 
tanks is also shown. 
3.3. Comparative analysis of tank heat loss coefficient (Us). 
In this section, different values obtained for the storage tank’s heat loss coefficient (Us) in funtion of tank 
volume (150, 200 an 300 l approximately) was compared. 
3.4. Comparative analysis of useful energy for the degree of mixing test. 
In this section, the useful energy (energy with temperature above 45ºC) for the degree of mixing in the 
storage tank during a draw-off test is determinated. In the Fig. 1, it can be observed the useful energy, Quseful,






Q not useful (<45ºC)
Q úseful ( >45ºC)
Fig. 1: Q vs Volume degree of mixing test 
4. Comparative analysis 
4.1. Comparative analysis of performance without thermal loss (a1/A) and solar fraction fSOL.
Figure 2 shows performance without thermal loss (a1/A) and for different volume/area ratios. It can be seen 
that while the V/A ratios increase, the performance without thermal loss (a1/A) increase too. A relation 
between performance without thermal loss (a1/A) and V/A ratios can be determined and is given by: 
  

























Fig. 2: a1/A vs V/A
Figure 3 shows performance without thermal loss (a1/A) of double jacket heat exchanger is higher than that 
of a tubular heat exchanger. A different of 3.9 % for values of V/A ratios about 70 and 5.6 % for values of 




















Fig. 3: a1/A vs V/A
Figure 4 shows solar fraction (fSOL) in different reference locations (Stockholm, Würzburg, Davos and 
Athens) for different volume/area ratios to 18 domestic water heating thermosiphon systems. It can be seen 
that while the V/A ratios increase, solar fraction decrease too. Also, solar fraction (fSOL) of double jacket heat 
exchanger is higher than that of a tubular heat exchanger. A different of 0.2-0.3-1.5-0.9% for values of V/A
ratios about 70 and 5.1-5.8-5.8-6.6 % for values of V/A ratios about 100 for locations in Stockholm, 
Würzburg, Davos and Athens respectively. 
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Fig. 4: fSOL results (a) Stockholm (b) Wüzburg (c) Davos and (d) Athens 
Figure 5 shows fitted lines solar fraction (fSOL) in different reference locations (Stockholm, Würzburg, Davos 
and Athens) for different volume/area ratios.  
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Fig. 5: fsol results in different reference locations 
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A relation between solar fraction (fSOL) and V/A ratios can be determined for different reference locations and 
















  (eq. 8) 
4.2. Comparative analysis of tank heat loss coefficient (Us). 
In Table 2, it can be seen the storage tank’s heat loss coefficient summarize for different tank volume range 
(150, 200 and 300 l)  













300± 20  l 4.88 6.09 3.9 0.0165 
200± 15  l 3.95 4.93 3.34 0.0202 
150± 5  l 3.53 3.87 3.23 0.0235 
From the analysis of the Us/volume ratios, it can be observed that 300 l systems has 22,5% lower loss per 
storage mass unit than 200 l system, and this 16,3% lower than 150 l systems. This is due to the fact that the 
systems with higher volume, it has lower outside exchanger surface/volume ratio. 
4.3. Comparative analysis of useful energy for the degree of mixing test.
Table 3 shows that useful energy values, Quseful (45ºC), are between 60-87%. In the absence of a modulating 
thermostatic heater as auxiliary energy, it would be convenient higher Quseful (45ºC) value, so it has greater 
quantity of water with temperature higher to 45ºC. 





















/ Q (%) 
1 63.54 19.15 44.39 39.70 34.45 86.8 
2 61.1 13.79 47.31 64.76 53.6 82.8 
3 61.66 12.3 49.36 43.90 35.72 81.4 
4 61.74 13.39 48.35 43.11 35.53 82.4 
5 61.83 21.93 39.9 53.36 43.11 80.8 
6 65.7 13.44 52.26 66.56 52.7 79.2 
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7 63.26 13.36 49.9 43.68 35.45 81.2 
8 67.5 21.95 45.55 26.67 21.6 81.0 
9 62.11 15.14 46.97 56.34 41.4 73.5 
10 62.05 22.08 39.97 51.15 35.61 69.6 
11 67.66 19.16 48.5 38.91 30.49 78.4 
12 61.13 16.19 44.94 30.52 23.99 78.6 
13 62 16.05 45.95 41.04 29 70.7 
14 61.25 24.42 36.83 49.53 41.87 84.5 
15 61.69 12.04 49.65 66.81 49.25 73.7 
16 61.38 11.96 49.42 39.56 24.07 60.8 
17 62.94 20.02 42.92 37.71 27.12 71.9 
18 61.01 19.96 41.05 53.14 41.64 78.4 
5. Conclusions 
The conclusions of this work are summarized below: 
The higher is the volume/area V/A ratio of the systems, the higher is performance without thermal loss (a1/A)
and also the lower is solar fraction (fSOL).
Performance without thermal loss (a1/A) of jacket double heat exchanger is higher than that obtained a 
tubular heat exchanger. A different of 3.9% for values of V/A ratios about 70 and 5.6 % for values of V/A
ratios about 100. 
Solar fraction (fSOL) of jacket double heat exchanger is higher than that obtained a tubular heat exchanger. A 
different of 0.2-0.,3-1.5-0.9% for values of V/A ratios about 70 and 5.1-5.8-5.8-6.6 % for values of V/A ratios 
about 100 for locations in Stockholm, Würzburg, Davos and Athens respectively. 
The higher tank volume, the lower loss per storage mass unit (Us/Volume). 300 l systems has 22,5% lower 
loss per storage mass unit than 200 l system, and this 16,3% lower than 150 l systems. 
The systems have a useful energy around 60-87% of the total energy of the tank in the degree of mixing in 
the storage tank test. 
6. Nomenclature 
Symbol Quantity Unit 
A solar field aperture area m2
a1, a2 and a3 output characteristics of the system  
f(V) normalized draw-off temperature profile   
fSOL solar fraction  
g(V) normalized mixing draw-off temperature 
profile 
? performance (-)
ti  initial water temperature. ºC 
tmain  cold water supply temperature. ºC 
Q  total energy extracted from the system. MJ 
Quseful  useful energy with temperature above 
45ºC.
MJ
Us  storage tank heat loss coefficient W/K 
V storage volume l
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Abstract 
The Solar Thermal Testing Laboratory shared by CENER and GTER in Seville, performs 
outdoor efficiency tests for factory-made solar systems according to the international standard 
ISO 9459-2. 
This method (CSTG acronym for “Collector and System Testing Group”, also called Input-
output method) consists of three different parts: one part for determining mixing in the storage 
tank during draw-off, another part for determining daily system performance, and a part for the 
determination of storage tank heat losses. 
From the so-called CSTG test the following coefficients are obtained: the characteristic 
coefficients of the solar system in the daily performance (a1, a2, a3), the normalized draw-off 
temperature profile (f(V)), the normalized mixing draw-off temperature profile (g(V)) and the 
storage tank heat loss coefficient (Us). 
After having tested some solar systems according to the CSTG method, the long term prediction 
of the system output is performed using a simulation program. Using the obtained test results as 
a starting point, we vary the parameters stepwise and observe how this influences the solar 
fraction fsol. Therefore, the purpose of the present paper is to analyze the influence of those 
parameter variations on the solar fraction fsol obtained from the long-term prediction in different 
reference locations (Stockholm, Würzburg, Davos and Athens) and for various solar systems 
with different ratio Volume/Area. 
This paper presents the influence of varying values a1, f(V), g(V) and Us on the solar fraction in 
function of climate. 
Keywords: solar system, testing, certification. 
1. Introduction 
 
According to the Spanish Technical Building Code (CTE) and Ministerial Order ITC/71/2007, 
all solar thermal systems on the Spanish market must be homologated by the Ministry of 
Industry to be eligible for government subsidies, and for this they have to pass all the UNE-EN 
12976-2 European Standard tests. This Standard stipulates durability and efficiency tests, and 
user and installer documents to be checked. 
The CENER and GTER Accredited Solar System Testing Laboratory in Seville have been 
performing all the tests for factory-made solar thermal systems according to the European 
Standard since 2008. Solar systems had been tested in this laboratory for 25 years before that. 
The European Standard efficiency test refers to two ISO Standards, ISO 9459-2 (CSTG method) 
and ISO 9495-5 (DST method). The CSTG method, named after the group which originally 
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developed it, “Complete System Testing Group”, makes use of an input-output ratio, while the 
DST method, called the “Dynamic System Test”, makes use of dynamic software for parameter 
identification. 
From the so-called CSTG test the following coefficients are obtained: the characteristic 
coefficients of the solar system in the daily performance (a1, a2, a3), the normalized draw-off 
temperature profile (f(V)), the normalized mixing draw-off temperature profile (g(V)) and the 
storage tank heat loss coefficient (Us). 
Taking the previous into account, the purpose of this paper is to analyze the influence of those 
parameter variations on the solar fraction fsol.  Manufacturers could make use of the results in 
order to study the potential improvements of their systems. Some of these enhancements could 
be the increasing of the collector performance through improved a1, improving the tank 
stratification through improved f(V) and g(V) factors, and the decreasing of the storage tank heat 
losses through improved Us. 
 
2.  Description of testing method (ISO 9459-2) 
 
This method (CSTG for “Collector and System Testing Group”, also called Input-output method) 
is a “black box” procedure. It is applicable to solar-only and solar-preheat systems. It consists of 
three different parts: one part for determining daily system performance, another part for 
determining mixing in the storage tank during draw-off, and the last part for the determination of 
storage tank heat losses. 
2.1. Determination of daily system performance 
 
The daily system performance test consists in conditioning the system at least six hours before 
solar noon, circulating water in the tank until it is sufficiently uniform. Then, the solar system 
operates normally for 12 hours. Finally, six hours after solar noon, the tank water is drawn off 
until outlet and inlet temperatures are equalized, while the inlet water temperature is maintained 
constant. 
The same test procedure is repeated until a set of one-day points is obtained with a sufficient 
range of daily solar radiation H and temperature difference [ta(day) - tmain]. According to the 
Standard, the set should contain at least four different days with approximately the same values 
of [ta(day) - tmain] and daily solar irradiation values H evenly spread over the range between 8 
MJ/m2 to 25 MJ/m2, and also contain at least two additional days with values of [ta(day) - tmain] at 
least 9 K above or below the values of [ ta(day) - tmain] obtained for the first four days. The value of 
[ta(day) - tmain] shall be in the range - 5 K to + 20 K for each test day. 
The mathematical model for the output energy production of the solar system Q depends on daily 
solar irradiation H and the temperature difference between mean ambient temperature ta(day) and 
inlet water temperature tmain as following: 
? ? 3a(day)21  attaHaQ main ????   (eq. 1) 
The results consist of the coefficients a1, a2 and a3 obtained by a multiple linear regression using 
the least-squares fitting method. 
During each testing days, also the draw-off profiles are recorded and normalized for low and for 
high daily solar radiation days f(V). 
2.2. Determination of the degree of mixing in the storage vessel during draw-off 
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The test consists in conditioning the system, circulating water at a temperature above 60 ºC in 
the tank at a rate of at least five times the tank volume per hour until it is sufficiently uniform, 
while the collector is shaded from the sun The water in the store is assumed to be uniform when 
the outlet temperature and the inlet temperature vary by less than 1 K for a period of 15 min. 
Afterwards, the storage tank is drawn off at a constant flow rate of 600 l/h, while the inlet water 
introduced in the storage tank is maintained at a constant temperature of less than 30 ºC. The 
draw off volume should be at least three times the tank volume and until that the temperature 
difference between inlet and outlet water temperature is less than 1 K. 
The procedure aims to determine the mixing draw-off profile g(V). 
 
2.3. Determination of storage tank heat losses 
 
The test consists in conditioning the system, by circulating water at a temperature above 60 ºC in 
the same way as the mixing draw-off test. Afterwards, the tank is left for cooling for a time 
period between 12 h and 24 h at night or without any incident solar radiation. During the cooling 
period, the air circulates freely over the collector’s plane with a mean wind speed between 3 m/s 
and 5 m/s. After this cooling period, the water is again circulated in the same way in order to 
measure the drop of temperature suffered by the tank over the night. The test is carried out with 
the collector loop disconnected, eliminating the possibility of reverse flow during the night.  
The procedure aims to determine the heat loss coefficient Us of the storage tank. 
2. 4. Prediction of long-term performance 
 
With the total energy output characteristics of the system [a1, a2 and a3], the normalized draw-off 
temperature profile [f(V)], the normalized mixing draw-off temperature profile [g(V)], the 
storage tank heat loss coefficient [Us], the daily meteorological data [daily solar irradiation H, 
daily mean ambient temperature ta(day), night mean temperature tn] of the reference locations 
and the system characteristics [Vc], the performance of the system is calculated day-by-day for 
different reference locations and load demand. 
The solar fraction (fSOL) is defined as the energy supplied by the solar part (QL) divided by the 
total system load (QD = heat demand) 
3. Description of sensitivity analysis of the parameters a1, f(V), g(V) and Us 
 
In this section, it will carry out the sensitivity analysis of the parameters a1, f(V), g(V) 
and Us independently.  
 
3.1. Sensitivity analysis of a1 
 
When analyzing equation 1, we observe that the output energy production of the solar 
system Q depends on the a1, a2 and a3 parameters. The sensitivity analysis was 
conducted on a1 parameter. This factor represents the system performance when ta(day) = 
tmain assuming that the a3 parameter is close to zero. So, the performance equation is: 
 
Aa /1??   (eq. 2) 
Where ? is the system performance and A is collectors aperture area. 
The sensitivity analysis on this factor consists to increasing the values of the a1 parameter and 
observes such influence on the prediction of long-term performance (fSOL) 
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3. 2. Sensitivity analysis of f(V) 
 
In this section, we have proceeded to analyze the influence in the solar fraction fsol as if f(V) 
were the ideal, that is, as if the useful energy extracted from the system were constantly reaching 
zero a certain value. For both cases, we will make the prediction of long-term and we will 
compare both results. 
 
Fig. 1: f(V) graph 
3.3. Sensitivity analysis of g(V) 
 
In this section, we have proceeded to analyze the influence in the solar fraction fsol as if g(V) 
were the ideal, that is, as if the useful energy extracted from the system were constantly reaching 
zero at a certain value. For both cases, we will make the prediction of long-term and we will 
compare both results. 
 
Fig. 2: gV) graph 
3.4 Sensitivity analysis of Us 
 
In this section we have proceeded to analyze the influence in the solar fraction fsol if we change 
the storage tank heat loss coefficient Us. We will improve such coefficient, decreasing its values 
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4. Sensitivity analysis 
4.1. Testing samples 
 
In order to carry out the sensitivity analysis we use two only-solar systems. One is a 
thermosyphon system with a storage tank of a volume of 280 l and 2 flat-plate collectors with an 
aperture area of 3,60 m2. The second system is a thermosyphon one too, with a storage tank of 
200 l volume, and 1 flat-plate collector with an aperture area of 1,92 m2. 
The results of these systems parameters are indicated in Table 1 and figures 3 and 4.  
 
Tab. 1: CSTG parameter identification 
Parameter System 1 System 2 Unit 
a1 1,70 1,01  m2 
a2 0,61  0,36  MJ.K-1 
a3 -2,00  -1,75  MJ 
Us 3,90 4,17 W/k 
 
Fig. 3: f(V) results of both systems 
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4.2. Comparative analysis 
 
Thanks to the sensitivity analysis of the characteristic parameters in the different 
locations, the following can be observed:  
 
- For all daily load volumes, the parameter that improves the solar fraction the most is 
a1 coefficient. 
- For low daily load volumes (under 140 l/day in the system 1 and under 90 l/day in 
system 2) the second most effective measure to improve the solar fraction would be 
Us coefficient. It can observed that there is no improvement in the behavior of the 
system even if the g(V) curve were ideal. 
- For medium daily load volumes (approximately system volume) the second most 
effective measure to improve the solar fraction would be to make the normalized 
draw-off temperature profile f(V) ideal. The third most effective measure would be 
to reduce the Us parameter. The idealization of g(V) curve has a very low influence 
in the solar fraction. It is very similar to improved 30% on Us factor. 
- For high daily load volumes (greater than systems volume), the second most 
effective measure to improve the solar fraction would be to make the normalized 
draw-off temperature profile f(V) ideal. For these daily load volumes there would 
not be a significant increase on the solar fraction to improve the Us parameter or 
g(V) curve. 
 
The results obtained for both systems are presented in the following graphs  
 
- Athens 
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- Davos 
                                                                               
Fig. 6: Davos results 
- Wurzburg 
                                                                                    
Fig. 7: Wiizburg results 
- Stockholm 
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5. Conclusion 
 
The main conclusions that can be drawn of the study presented here are: 
  
- Improvements in Us. The range of improvement with this factor in the annual solar fraction 
is between 0 and 3,5% for the system one and between 0 and 6,2% for the system two. The 
higher values are obtained for the solar fraction with improves of 90% in Us factor and low 
daily load volumes. Also, it can be observed that in Davos the maximum value is of  3,5%  
for the system one and 6,2% for the system two, while in the other reference locations the 
improvements in the annual solar fraction are between 2% and 4% respectively. 
- Improvements in f(V). With this factor is improved the range to the annual solar fraction is 
between 0 and 5,4% for the system number one and between 0 and 6,0% for the system 
number two. It can be observed that in all reference locations the maximum values reached 
are for daily load volumes near to tank volume. There is no improvement for lower and 
higher daily load volumes. In Davos and Athens the maximum improved values are 5,3 -6 
%, while in Wurzburg and Stockholm the improvements are of approximately 4%. 
- Improvements in g(V). This is the parameter with less influence on the annual solar 
fraction.  The improvements in the annual solar fraction ranges from 0% to 0,4%. It can be 
perceived that in all reference locations the maximum values reached correspond to daily 
load volumes near to tank volume. 
- Improvements in Q-H curve. For system 1, the range of improvements when going from  
a1=1.7 m2 to 2.0, 2.3 and 2.6 m2 respectively reaches typical values of 8-14-20% in 
Wurzburg and Stockholm and values of 5-10-15% in Athens and Davos. Concerning 
system 2, its range of improvement when going from a1=1.0 m2 to 1.2, 1.4 and 1.6 m2 
respectively reaches typical values of  8-16-22% in Wurzburg and Stockholm and values of 
6-11-16% in Athens and Davos. The greater influence in these locations is related with the 
higher levels of radiation in these places. 
The a1 factor is the parameter that would improve the most  the annual solar fraction of the 
four parameters and enhancing it would be the first step of the path the manufacturer should 
follow. 
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3. Description of testing methods 
3.1. Description of ISO 9459-2 test method 
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3.1.4. Prediction of long-term performance 
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3.2.4. Identification of system parameters and prediction of long-term performance 
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4. Experimental measurements 
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5. Conclusions 
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          
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            
          
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Captador solar plano con tubo de peróxido de silicona 
 
Objeto de la invención 
La presente invención tiene por objeto un captador solar plano con  tubos de peróxido 
de silicona huecos con un gas en su interior, colocados en el interior de su absorbedor 
que permite mejorar el funcionamiento de los captadores solares térmicos planos 
cuando tienen riesgo de congelación evitando su rotura y manteniendo el rendimiento 
energético. Tiene su aplicación en el área de la ingeniería mecánica. 
 
Estado de la técnica 
El  absorbedor de un captador solar plano es el elemento por el que circula el fluido 
caloportador del mismo. Este fluido es con frecuencia agua en estado líquido. Cuando 
el captador solar se somete a muy bajas temperaturas por heladas ambientales el 
fluido caloportador se congela, aumenta su volumen y presión y se rompe el 
absorbedor.  
El principal método utilizado en la protección contra heladas de un captador solar es la 
adición de propilenglicol al agua que circula dentro del absorbedor del colector solar 
[1]. Sin embargo, las principales desventajas de este método son la degradación del 
anticongelante con el tiempo, no permite ser utilizado en sistemas directos y su alto 
coste. Otros métodos utilizados para la protección son: 
• La recirculación de agua en el circuito colector [2,3], la cual que requiere de una 
circulación forzada. Este método puede conducir a una alta pérdida de energía y, en 
algunos casos, puede causar problemas de fiablilidad si no se dispone de energía 
eléctrica para activar las bombas de recirculación en el tiempo requerido. 
• Recirculación en flujo inverso [4]. Este método puede conducir a una alta pérdida de 
energía en periodos nocturnos. 
• La instalación de una resistencia eléctrica a lo largo de los tubos que contienen el 







• Sistemas de drenaje con recuperación [5]. Una de las principales desventajas del 
calentamiento del agua solar mediante los sistemas de drenaje con recuperación es la 
significativa de pérdida de calor cuando la bomba no está funcionando, tanto como 
durante la exposición nocturna. 
• El drenaje al exterior de la instalación [6]. Estos sistemas requieren de un control 
especial y el agua drenada no puede ser recuperada. 
• Hay otros casos en los que la acumulación de agua y el captador solar están en el 
mismo dispositivo para mantenerse siempre por encima de la temperatura de 
congelación. Por ejemplo, este es el caso del sistema llamado Integrated 
Collector/Storage Solar Water Heaters, ICSSWH, basado en un dispositivo patentado 
en 1891 [7]. Este método puede conducir a una alta pérdida de energía nocturna. 
• Otros métodos de protección con un sistema de calentamiento solar en dos fases 
utilizando acetona o metanol como fluido de trabajo [8,9], pero la capacidad térmica 
del fluido caloportador se reduce significativamente. 
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Descripción de las figuras 
Figura 1.- Muestra de un captador solar térmico donde se indican: 
 Captador solar térmico. 
 Conexión de entrada 
 Conexión de salida 
 Absorbedor 
 Fluido caloportador 
 Tubo de peróxido de silicona 
 Gas 
Figura 2.- Muestra una sección del tubo absorbedor antes del proceso de congelación 
del fluido caloportador (figura 2.A) y después del proceso de congelación del fluido 
caloportador (figura 2.B). 
Figura 3.- Muestra de un detalle del sellado del tubo de peróxido de silicona tanto en la 
entrada como en la salida del captador donde se indican: 
2. Conexiones  de entrada del captador 
3. Conexión de salida del captador 
4. Absorbedor 
5. Fluido caloportador 
6. Tubo de peróxido de silicona. 
7. Gas 
8. Sellado lateral del tubo de peróxido de silicona 
 
Descripción de la invención 
 
El absorbedor de un captador solar plano es el elemento por el que circula el fluido 
caloportador. Este fluido es con frecuencia agua en estado líquido. Cuando el captador 
se somete a muy bajas temperaturas el fluido se congela, aumenta su volumen y se 
rompe el absorbedor. Por otro lado, el fluido caloportador también está expuesto a 
temperaturas muy variables y en muchas ocasiones superan los 120ºC y además 







fluido caloportador es el agua de consumo humano del edificio que vuelve caliente al 
ser humano por lo que no deben alterarse sus propiedades de forma nociva para el ser 
humano.  
La presente invención se refiere a un captador solar plano con tubo de peróxido de 
silicona hueco relleno de un gas, principalmente aire, que se coloca dentro del 
absorbedor de un captador solar. Este material permite absorber las variaciones de 
volumen que se producen en el fluido caloportador que ocurren por el hecho de pasar 
de estado líquido a estado sólido al congelarse. Este material soporta todas las 
condiciones de operación de temperatura y presión de un captador solar de forma 
fiable y duradera, es barato e inocuo para el ser humano y el medioambiente. 
La invención que nos ocupa se refiere a un captador solar plano con uno o varios 
tubos concéntricos  de peróxido de silicona hueco, o de otra configuración geométrica, 
en la que en su interior pueda contener un gas, preferiblemente aire, colocados estos 
en el interior del absorbedor de un captador solar plano.  
El captador solar plano con tubo de peróxido de silicona hueco con gas en su interior 
colocado dentro del absorbedor  absorbe las dilataciones, que se producen en el fluido 
caloportador  del interior del absorbedor al congelarse éste sin afectar al absorbedor.  
El proceso es totalmente pasivo y no consume energía. Además soporta temperaturas 
superiores a 130ºC sin degradarse.  Por otro lado, el tubo de peróxido de silicona es 
compatible con todos los materiales en los que está en contacto como el fluido 
caloportador, normalmente agua, el gas interior, normalmente aire y con los materiales 
propios del absorbedor normalmente cobre o aluminio. 
Además el tubo de peróxido de silicona tiene una muy baja rugosidad por lo que no 
afecta significativamente a las propiedades energéticas del captador solar, 
básicamente su rendimiento energético y la caída de presión. 
Desde el punto de vista sanitario y ambiental, el captador solar plano con tubo de 
peróxido de silicona hueco con gas en su interior es inocuo para el ser humano, es 
decir, no es tóxico ni reaccionante con el agua para que pueda utilizarse en 
instalaciones solares directas que es lo que ocurre cuando el fluido caloportador 
caliente que pasa por el absorbedor es el que recibe el ser humano.  
Desde el punto de vista económico, el captador solar plano con tubo de peróxido de 








Modo de realización de la invención 
A continuación se describe un modo de realización de la invención basado en las 
figuras. 
Al absorbedor (4), preferiblemente en forma de serpentín, se le conectan las 
conexiones soldadas de entrada (2) y salida (3) requeridas para el captador solar  y se 
le sueldan las superficies selectivas. Todo el proceso de soldadura del absorbedor 
debe ser anterior a la incorporación del tubo de silicona. 
Se introduce el tubo de peróxido de silicona (6)  en el interior del absorbedor. Se sella 
y cierra la entrada y salida del tubo de peróxido de silicona (8) por fusión u otro 
procedimiento.  
El volumen del tubo de peróxido de silicona debe poder absorber la variación de 
volumen del fluido caloportador al congelarse, según proceso 2.A y 2.B de la figura 2. 
Por ejemplo, en la realización preferente el fluido caloportador es agua, por lo que  en 
este caso, el diámetro interior del tubo del absorbedor debe ser igual o inferior a 3,5 
veces el diámetro interior del tubo de peróxido de silicona cuando el agua está a 25ºC 
y 1 bar. 
Una vez realizado el absorbedor con las superficies selectivas incorporadas al mismo 
y el tubo de peróxido de silicona en su interior se continúa con la fabricación del 
captador en su proceso normal, que en una realización preferente es incorporar 
aislante posterior y lateral al absorbedor, protección posterior y lateral del aislante, 
cubierta frontal de vidrio y marco con juntas de estanqueidad. 
















1.-  Captador solar plano con tubo de peróxido de silicona hueco con gas en su interior 
colocado dentro del absorbedor caracterizado porque el tubo de peróxido de silicona 
absorbe dilataciones que se producen en el fluido caloportador del interior del 
absorbedor al congelarse éste sin afectar al absorbedor.  
2. Captador solar plano con tubo de peróxido de silicona hueco con gas en su interior 
según reivindicación 1, caracterizado porque el tubo de peróxido de silicona es 
compatible con temperaturas superiores a 130ºC sin degradarse.  
3. Captador solar plano con tubo de peróxido de silicona hueco con gas en su interior 
según reivindicaciones anteriores, caracterizado porque el tubo de peróxido de silicona 
es compatible con el fluido caloportador, preferentemente agua. 
4. Captador solar plano con tubo de peróxido de silicona hueco con gas en su interior 
según reivindicaciones anteriores, caracterizado porque el tubo de peróxido de silicona 
es compatible con el gas interior, preferentemente aire  
5. Captador solar plano con tubo de peróxido de silicona hueco con gas en su interior 
según reivindicaciones anteriores, caracterizado porque el tubo de peróxido de silicona 
es compatible con los materiales del absorbedor preferentemente cobre o aluminio. 
6.-Captador solar plano con tubo de peróxido de silicona hueco con gas en su interior 
según reivindicaciones anteriores, caracterizado porque la baja rugosidad del tubo de 
peróxido de silicona mantiene el rendimiento energético del captador solar 
7.-Captador solar plano con tubo de peróxido de silicona hueco con gas en su interior 
según reivindicaciones anteriores, caracterizado porque el tubo de peróxido de silicona 
pueden ser uno o varios tubos. 
8.-Captador solar plano con tubo de peróxido de silicona hueco con gas en su interior 
según reivindicaciones anteriores, caracterizado porque el tubo de peróxido de silicona 




















































La presente invención tiene por objeto un captador solar plano con  tubos de peróxido 
de silicona huecos con un gas en su interior, colocados en el interior de su absorbedor 
que permite mejorar el funcionamiento de los captadores solares térmicos planos 
cuando tienen riesgo de congelación evitando su rotura y manteniendo el rendimiento 
energético. Tiene su aplicación en el área de la ingeniería mecánica. 
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